The growth and development of cotton was studied on cotton plants grown in pots in growth rooms under constant day\night temperature (C) and varying temperature regimes throughout the day and\or night (V) The V-treatments had a common mean temperature of 22 mC. The objectives were to determine the thermal requirements of three cultivars and to observe the extent of genotypeithermal environment interactions throughout the entire growth period.
INTRODUCTION
Accurate environmental analysis is essential to gain an understanding of how environmental changes alter plant growth (Wall et al. 1994) . Temperature is an season. Production may still suffer in these regions from a lack of suitable varieties (McMahon & Low 1972) . Many problems have to be overcome before economically successful cropping can be achieved in countries on the borderline of economic production. On the other hand, an increase in temperature due to the greenhouse effect (Idso et al. 1987 ) is likely to affect cotton growth and development (Reddy et al. 1991 a, b) and ultimately yield (Roussopoulos et al. 1978 ; Reddy et al. 1992) .
Therefore, a knowledge of the specific temperature requirements of various cotton cultivars would provide both a better understanding of plant response to a varying environment and an input for crop growth models. In conjunction with the Free-Air-CO # -Enrichment (FACE) programme (Hendrey 1993 ; Hendrey & Kimball 1994 ), a simulation model of cotton physiology, development, growth, yield and water-use has recently been constructed (Amthor & Kimball 1990 a, b) . According to the response function used in this model, the growth rate relative to that at a reference temperature (25 mC) is linearly related to temperature between a low value (18 mC), below which inhibition starts, and a high value (35 mC), above which denaturation starts. However, Wall et al. (1994) recognized the necessity for alterations in the response functions used, particularly those which relate to the growth of specific plant organs. Also, since days with similar mean temperatures but with different amplitude give rise to different plant physiological response (Ng & Loomis 1984) , cotton growth relations should be established on a time-span shorter than a day.
Although the effects of air temperature, both during night and day, on rates of production by various parts of the cotton plant have been studied extensively (Stanhill 1976) , the independent effects of constant and varying temperature regimes which expose plants to different maximum and minimum temperatures were almost exclusively concerned with field experiments, where the effects of extreme temperatures are difficult to isolate from those of mean temperatures (Yfoulis & Fasoulas 1978 ; Roussopoulos et al. 1978) . The results of the first investigation in a controlled environment have been presented by Hesketh et al. (1972) .
Examining the specific temperature requirements of various cotton cultivars as well as the magnitude of the interaction between genotype and environment for the entire period of plant growth were the objectives of the experiment, making use of the ability to separate the effect of temperature extremes from those of varying means in a controlled environment.
MATERIALS AND METHODS
Experiments were carried out in growth rooms (2n0i1n8i2n3 m) illuminated by fluorescent tubes, providing constant irradiance of 75 W m −# , and kept at certain temperature regimes. The rooms were set to provide a 14 h day : 10 h night length and the selected temperature was generally maintained to an accuracy of p0n5 mC and, as checked by temperature recorders at various heights within plants, was virtually uniform at different positions in the room.
In order to provide a range of genotypes and earliness, three cotton (Gossypium hirsutum) cultivars (4S, Coker-210 and PU) were used. Certified seed, produced under Hellenic Cotton Board supervision, with a germination rate of 80 % was used (Roussopoulos 1981) . Twenty pots for each cultivar (i.e. 60 pots per room, except for one regime) were used, arranged randomly in four blocks. Five or six seeds were sown in each pot (18 cm in diameter and filled with compost), and thinned after emergence to three seedlings. Seedlings from thinning provided material for the first one or two harvests. Only one plant per pot was left by the time at which the first pair of permanent leaves had expanded. From this stage until flowering, approximately weekly harvests of one plant per replication were made, during which plant height, leaf area and dry weight of leaves, stems and reproductive organs were measured, while internode length and numbers of nodes, sympodia (fruiting branches) and monopodia (vegetative branches) were determined at the final stage. Growth components indicating earliness, namely the position of the first floral or fruiting branch, time to various developmental stages, flowering intervals and boll maturation period, were also determined.
Plants were watered daily and fertilized using liquid nutrient (7N : 7P # O & :7K # O) fortnightly after the first 4 weeks. At the beginning of flowering, only four plants per cultivar (12 plants per room) were left to continue their growth until the final harvest at maturity. The plants, when they had reached their maximum growth, had approximately the same density in each room. Experiments were terminated when most of the bolls had opened.
Altogether, nine different regimes were tested, classified in two sets :
(a) Constant temperature set (C), where a constant day\night temperature regime C " : 30\20 mC, C # : 30\-16 mC, C $ : 26\16n5 mC and C % : 23\13 mC (cultivar PU omitted) was maintained throughout the period, and C V , where several constant regimes were imposed successively during the experiment to simulate seasonal changes in mean day and night temperatures (23\13 mC for the first 3 weeks, 25\15 mC for 3 weeks, 27\17 mC for 4 weeks, 29\19 mC for 3 weeks, 30\20 mC for 3 weeks and 28\18 mC for the final 7 weeks). The C % treatment contained only two cultivars and the experiment was terminated before maturity, as this stage could not be reached due to low temperatures. Therefore, this treatment was omitted from the overtemperature statistical analysis. The average temper- ; and PU, >) at (a) the 23\13-30\20 mC temperature treatment and for the mean of the three cultivars at (b) the warmest (30\20 mC) and (c) the coolest (23\13 mC) temperature regimes (leaf area, ; leaf, $ ; stem, > ; and total, 5 dry weights ; arrows indicate squaring (S) and flowering (F) dates.
ature (mC) to which the plants in any C-treatment were exposed over the period of the experiment decreased from C " to C % by approximately a quarter, with C V in the middle of the range.
(b) Varying temperature set (V), where temperature was varied, by clockwork control of thermostats, during the day or night or throughout the whole 24-h cycle. These regimes were intended to simulate natural day, night, or diurnal fluctuations (V " : 16-35\16 mC, V # : 16-29\16 mC, V $ : 25n5\25n5-11 mC and V % : 35-11 mC). All V-regimes had a 24-h average temperature of 22p0n5 mC, the same as the C $ regime, whereas the mean day and night temperatures were c. 26 and 16 mC, respectively.
Analyses of variance were done on the results for each growth room separately in which there were replicate blocks, but the temperature rooms were not replicated. It is therefore assumed that any significant difference between growth room results is due to the imposed temperatures. The experimental work was 
RESULTS

Growth response to constant day\night temperature
Growth, represented by changes in leaf area, leaf dry weight, stem dry weight and total dry weight was first examined by analysis of variance of results from each temperature environment separately. These showed that 96-99 % of the variation (% Sum of Squares, ..) could be attributed to the passage of time (t). Nevertheless, significant cultivar (c) and cit interactions occurred at certain temperature regimes, although the % .. values associated with them were small ( 1n0 %). Because the differences between cultivars in the early growth stages were small, the emphasis in the paper will be on the variation in growth caused by the different temperature regimes. Nevertheless the results for log n total dry weight per plant in the C V environment are given in Fig. 1 a. The polynomial analysis of variance showed that 97n2% of .. was due to time (78n1 and 18n9 % to the linear and quadratic components, respectively). The cultivar component accounted for 0n76 % of the .. and the variance ratio from the mean square comparison was significant (P 0n001), as was that for the cit interaction. Fig. 1 a shows that the difference between cultivars occurred before the first harvest, but growth rate appeared to fall for cv. 4S at harvest 7. It is, however, likely that this was due to chance, given the small number of plants available for each harvest.
Analyses of variance were also made, including the effects of temperature (the C % environment was not included because of the absence of the cultivar PU). Variation due to temperature accounted for 17n0, 10n2, 14n0 and 11n2 .. % for leaf area, leaf, stem and total dry weight, respectively. The c and cit components accounted for 1 % of the variation.
Comparison of the C " and C % environments showed that a reduction in temperature of c. 7 mC inhibited the expression of the four vegetative characters measured. In the initial, linear phase of growth, the growth rate of c. 0n3 g of dry weight per plant in the warmer environment (C " ) was about four times that achieved in C % ( Fig. 1 b, c) . In the early, linear, phase of growth, the increase in dry weight per plant was mostly due to leaves which extended by c. 2n3 cm# plant −" day −" for each degree above 13 mC.
Between-temperature treatment differences in leaf area and dry weight at specific stages of development were often significant ( Fig. 2) , with cultivar differences significant (P 0n001) only for dry weight at flowering. At low temperatures (e.g. C % ), although the rate of leaf appearance and expansion up to squaring was also low, because squaring was reached much later in comparison with that at warm (e.g. C " ) temperatures ( Fig. 1 b, c) , the leaf area was greater 
Dry weight (g\plant) of Squares 0n79 0n74 0n91 0n86 2n62 0n08 36 Bolls 28n6 3 8 n 1 3 8 n 0 5 0 n 9 5 n 30 2n16 36 Plant height (cm) 116n0 8 7 n 6 9 3 n 0 117n8 6 6 n 1 3 n 08 36 Internode length (cm) 3n95 3n98 4n07 4n95 4n38 0n11 36 No. of nodes 28n8 2 1 n 3 2 2 n 0 2 2 n 3 1 4 n 4 0 n 68 36 No. of branches 22n3 1 3 n 8 1 9 n 3 1 6 n 2 1 2 n 5 0 n 69 36 No. of sympodia 22n3 1 3 n 1 1 6 n 3 1 4 n 4 7 n 75 0n72 36 No. of monopodia 1n08 1n36 3n00 1n67 3n63 0n20 36
( Fig. 2 a) , as were the leaf, stem and total dry weights ( Fig. 2 b-d ) . Between squaring and flowering, the much slower growth rate of plants under low temperature ( Fig. 1 b, c) , was to some extent counterbalanced by the longer duration of each phase resulting, at anthesis, in reduced differences compared with the other treatments (Fig. 2 a) . After anthesis, however, the leaf area of the plants under the C % regime was almost fully developed, whereas that of plants in the warmer regimes (especially C " ) continued to accumulate leaf area and dry weight (although slowly) for another 3 weeks, so that the final results were the reverse of those at squaring. Plants in the seasonal temperature varying regime (C V ) performed better than would have been expected from its mean season temperature and the plants, at harvest, had one of the most developed leaf areas and the highest dry matter (DM) production of all the treatments.
Square weight was maximum and boll weight was minimum under the C % regime. Between the rest of the regimes there were practically no differences in square weight, but boll weight increased with decreasing mean temperature up to the C $ regime, when it became maximum. The C V regime gave the second highest boll weight (Table 1) .
There was significant variation between temperatures for mean plant height, number of nodes per plant and internode length. The C $ and C " regimes provided the tallest plants (Table 1) , and these two regimes had the best combination of number of nodes and internode length ( Table 1 ). The number of nodes was markedly higher in the C " environment. Plants were shortest under the lowest-temperature regime, although they had the second longest internodes.
The numbers of sympodia and monopodia developed per plant were also affected by temperature (Table 1 ). The total number of branches was greatest at the C " regime followed by the C V regime, whereas the fewest branches appeared under the C % regime. The number of sympodia followed the same pattern as the total number of branches. The number of monopodia, however, was largest (at least three per plant) in the C % and C V regimes because of the low temperature applied during the whole or the early period of growth. The fewest monopodia (one per plant) were produced under the warmest regime (C " ). Therefore the ratio of monopodia to sympodia was highest (0n4) at C % and lowest (0n03) at C " .
Growth response to varying daily temperature
A combined analysis of variance, based on results from the first 9 weeks of growth, showed that, even if the V-regimes differed only in the patterns of temperature fluctuation and not the mean temperature, there were significant effects for temperature, time, and temperatureitime interactions for all characters. However, in comparison with C-temperature, V-temperature accounted for less (c. 3%) and time for more variation (on average 95 %). When the leaf and stem dry weights are plotted against time from planting (Fig. 3) , it is shown that the V $ regime, with a night temperature fluctuating down to 11 mC below a moderate constant day temperature (25n5 mC), gave the lightest plants. When the day temperature was allowed to vary up to 35 mC (V % ), plants accumulated dry weight at a higher rate (regardless of the same low minimum temperature), although somewhat lower than the almost identical rates of the other V and the C $ regimes. Generally, a high daily maximum temperature tends to increase and a low night minimum temperature tends to decrease growth rate.
As with the highest mean C-temperature regime (C " ), the V " treatment, with a temperature variation up to 35 mC and a relatively high and constant night temperature (16 mC), showed at squaring the lowest but at harvest the highest leaf area, leaf and total dry weights (Fig. 4) . The behaviour of V % -and V $ -plants was analogous to that of plants under the low Ctemperature regimes. Weighing more than under the C $ regime, squares under the V " regime were about as heavy as those under the V $ regime (Table 2) , although leaf and stem dry weights at squaring were minimum in the first (V " ) and maximum in the second (V $ ) regime (Fig. 4) . At the final stage, although the differences among temperature regimes for leaf area, leaf dry weight and stem dry weight were not significant, the total dry weight differed significantly (P 0n001) because the temperature variation strongly affected the dry weight of bolls, which substantially contributed to the final total weight (Fig. 4 d ) . In agreement with the total dry weight response to V-temperature regimes at harvest, boll dry weight gradually decreased from V " -to V $ -and V % -plants (Table 2) . Plants under all V-regimes were shorter than the C $ -plants (Table 2) . They were shortest under the V $ 
Dry weight (g\plant) of Squares 1n10 0n75 1n08 0n73 0n86 0n76 45 Bolls 53n5 4 6 n 9 3 9 n 0 3 8 n 1 5 0 n 9 2 n 54 45 Plant height (cm) 105n6 102n0 8 9 n 0 103n2 117n8 2 n 90 45 Internode length (cm) 5n00 5n06 4n23 4n34 4n95 0n12 45 No. of nodes 20n7 2 0 n 1 2 0 n 1 2 1 n 8 2 2 n 3 0 n 50 45 No. of branches 18n1 1 4 n 2 1 3 n 0 1 4 n 9 1 6 n 7 0 n 57 45 No. of sympodia 15n8 1 2 n 3 1 0 n 9 1 2 n 3 1 4 n 5 0 n 57 45 regime, where plants had both the smallest number of nodes and the shortest internode length (Table 2) . Regarding the variation of branches per plant (Table  2) , the total number of branches was found to differ significantly (P 0n001) between temperature regimes. The greatest number of branches developed on plants at V " and the least at V $ . The differences among the regimes for sympodia were also significant, following the same pattern as for the number of branches ( Table 2 ). The number of monopodia and the ratio of monopodia to sympodia did not differ significantly between the regimes or the cultivars.
Development response to constant day\night temperature
The node number of the first floral or fruiting branch was significantly (P 0n05) affected by temperature regimes (Table 3 ). The node of the first floral branch ranged from 5n9 in the C $ to 6n9 in the C % regime. Relative to the node where the first bud appeared, the first fruit was set, on average, at a higher node, ranging from 6n3 in the C $ to 8n0 in the C " regime. Thus, floral or fruiting position was lowest at an intermediate temperature while higher or lower Floral  6n67  6n42  6n75  5n92  6n88  0n22  36  Fruiting  8n00  6n67  7n17  6n33  7n13  0n39  36  Flowering interval  Vertical  2n6 2 n 7 2 n 5 3 n 3 4 n 4 0 n 08 36 Horizontal 6n7 7 n 1 6 n 8 1 1 n 4 8 n 9 0 n 34 36 temperatures resulted in a higher position. The maximum average difference between floral and fruiting position (1n3 nodes) was observed at the warmest regime (C " ). Studying vertical flowering intervals (time between anthesis of two flowers at the same position on two successive branches) and horizontal flowering intervals (time between anthesis of two successive flowers on the same branch), it was found that the cooler regimes (C $ and C % ), differed significantly from the rest and, in general, high temperature shortened the intervals (Table 3) . Due to this, the C V regime should be considered as a high temperature regime because by the flowering\bolling stage the temperature had been raised to the high 30\20 mC level.
Node no. of first branch
Temperature had a strong effect on the time to a certain developmental stage, whereas varietal differences and interactions were non-significant. As 
Node no. of first branch Floral 5n8 6 n 5 7 n 0 6 n 9 5 n 9 0 n 22 45 Fruiting 6n0 6 n 6 7 n 1 7 n 3 6 n 3 0 n 28 45 Flowering interval (days) Vertical 3n3 3 n 2 3 n 2 3 n 1 3 n 3 0 n 08 45 Horizontal 10n6 9 n 2 9 n 2 8 n 3 1 1 n 4 0 n 55 45 Time (days) to Flowering 66n1 7 1 n 3 7 8 n 7 7 3 n 0 7 1 n 7 0 n 78 45 Harvest 129n2 132n6 141n5 130n8 139n4 0 n 99 45 Boll period (days) 62n6 6 1 n 4 6 1 n 8 5 7 n 7 6 5 n 2 0 n 64 45 expected, the time (t) required from planting to squaring, flowering and boll opening was exponentially (i.e. decreasingly) shorter the higher the regime mean temperature (T ) (Fig. 5 a) , whereas the C V regime is considered as acting as a low temperature regime (T l 19 mC) up to squaring and as a higher temperature regime at later growth stages (T l 21 mC up to flowering and T l 23 mC up to boll opening). It should be noticed that a 7 mC difference between the coolest and warmest regimes caused a 57-day difference in flowering date. Also, delayed development due to low initial temperature of the C V regime was not entirely compensated for by the higher temperatures later.
In Fig. 5 b, instead of time to a certain stage, its reciprocal (1\t) was plotted against the corresponding T values. It was therefore possible to estimate the thermal time (mCd) required, as well as the threshold temperature values (T ! ). Approximately 570 mCd above 6n3 mC, as compared with 710 and 1350 mCd above 12n3 mC were found to be required for squaring, flowering and boll opening, respectively. The thermal time for boll maturation (the period between flowering and boll opening) was c. 630 mCd above 12n4 mC. From the above thermal time values, it may be calculated that for a temperature difference (increase or decrease) of only 1 mC there will be an enhancement or delay of 2, 7 and 14 days at squaring, flowering and boll opening, respectively.
Development response to varying daily temperature
The node number of the first floral and fruiting branch was significantly (P 0n001 and P 0n05, respectively) affected by temperature variation (Table  4) . Node numbers of the first floral and fruiting branches varied among V-regimes about as much as among C-regimes (Tables 3 and 4 ). The night temperature fluctuation down to a minimum of 11 mC (V $ , V % ) clearly resulted in a higher floral or fruiting position, as in C % -plants, while the daily temperature fluctuation up to a maximum of 35 mC (V " ) resulted in a slight reduction. The difference between floral and fruiting node numbers, however, was very small (at most 0n4 of a node) indicating that in all V-regimes the rate of shedding of early squares was low.
Although the V-regimes did not cause vertical flowering intervals to differ significantly, the horizontal flowering intervals did differ significantly, with interval lengths smaller than the reference constant temperature regime (C $ ) and were also generally shorter for low than for high minimum temperature regimes (Table 4) .
The time periods from sowing to a certain developmental stage were greatly affected by temperature variation (Table 4) . Squares and flowers appeared and bolls opened earliest under the regime that combined a high minimum with a high maximum temperature (V " ) and were slowest under the regime with the corresponding lowest values (V $ ). Compared with C $ , the V " and V # regimes were earlier during the entire growing season, whereas V % reached only the final stage earlier.
All V-regimes demonstrated a shorter boll period (days from flowering to boll opening) than the C $ regime (Table 4) . Boll period was shortest under the V % regime, which was the only V-regime that differed significantly from the others.
DISCUSSION
Cotton vegetative growth, in terms of leaf area expansion or dry weight accumulation, was almost exclusively time and temperature dependent, as varietal differences were practically insignificant. The response of the logarithmic growth rate to time was linear during the first 6-9 weeks (depending on temperature) and declined curvilinearly thereafter. Although restricted by an upper limit of growth rate (Wall et al. 1994) placed by physiological aging (Thornley & Johnson 1990) , plant material during the linear response pattern accumulated faster under high day or night temperature regimes, in agreement with Anderson's (1971) results. Generally, increasing temperature increased growth rates.
However, although mean temperature in all constant day\night temperature regimes was greater than the threshold temperature (18 mC) below which growth inhibition starts (Amthor & Kimball 1990 a, b ; Wall et al. 1994) , the night temperature of all regimes except C " was below threshold. The night temperature of C % (13 mC), in particular, was close to the temperature (11n4 mC) at which, according to Constable (1976) , cotton development between planting and squaring ceases. On the other hand, C " also had a day temperature (30 mC) close to the optimum for leaf area production and dry weight accumulation (Hesketh & Low 1968) . Consequently, C " -plants, although growing in an environment only 7 mC warmer than C % -plants, produced dry weight approximately four times faster. Due to slow initial growth, when plants were at a low temperature, and enhanced growth later as the temperature increased, the seasonadapted temperature regime (C V ) also resulted in high leaf area and DM production.
A consequence of the varying growth rates with time was that plants in the different regimes reached the various forms of fruiting (squaring, flowering and boll maturity) after different periods of growth. Generally, temperature affected development such that increasing temperature reduced the time to specific stage of development. In spite of the fact that flowering and boll opening commenced earlier and boll period was shorter at high temperature, in agreement with previous workers (Powell 1969 ; Yfoulis & Fasoulas 1978) , it appeared that the temperature effect on boll period was independent of the former stages because plants in the risingtemperature regime (C V ), although very late to flower, also had a short boll period similar to that of the warmest regime (C " ). At squaring, flowering and boll opening, treatments showed variation in the number and size of lateral shoots and leaves. Thus, plants from lower temperature regimes were found to have larger leaf areas (and weights) at squaring than plants from higher temperature regimes. Observations of the plants showed that at high temperature there was little initial side branch development at lower nodes, but considerable development at higher nodes after squaring. The fact that the number of monopodia was greater at a lower temperature supports the view that there was greater vegetative growth from the lower nodes than that which occurred at higher temperatures. Lower temperature favoured greater vegetative development at the early growth stages.
This pattern was reversed at maturity, when leaf areas and dry weights were less at lower temperatures, presumably because potential fruit growth during the boll maturation period is faster, responding logistically to physiological age, than it is during the square development period, when the response is exponential (Wall et al. 1994) . Growth is thus enhanced by high rather than low temperature after anthesis. It seems likely that plants under higher temperature regimes maintained their growth rate longer. Certainly they were taller and had more nodes and sympodia. Plants at lower temperatures also lost leaves due to their longer maturation period. With bolls included, total dry weight was higher at lower temperatures, otherwise (with bolls omitted) at higher temperatures. Flowering may be regarded as a transitive stage between squaring and maturity with diminished among-treatment differences in growth.
Although there was only a one-node difference between treatments at which flowering commenced, the difference between the first floral and fruiting nodes was three times higher at the warmest than at the remaining regimes, indicating a higher shedding of early squares. Thus, the effect of high temperature on shedding the first squares is perhaps more important than on altering the position of the first floral branch. Comparing C-regimes, it appeared that relatively cool nights (16 mC) lowered the position of the first floral or fruiting branch, whereas warm days (30 mC) shortened flowering intervals, thus promoting earliness at the early growth stages.
The above results agree with those of other investigations (Mauney 1966 ; Hesketh & Low 1968 ; Moraghan et al. 1968 ; Gipson 1972 ; Bhatt & Nathan 1977) in that high temperature in general enhanced growth and earliness, while low temperature enhanced vegetative growth at the expense of reproductive development. However, when low temperature application extends up to maturity, the final result is a reduction of leaf area and DM production.
The results from the constant temperature set of regimes provided a basis on which to interpret those of the varying-temperature treatments. The effects of fluctuating temperature on vegetative growth and earliness showed similarities with those of the constant-temperature experiment. Thus, growth and development rates were low in the low minimum regimes and high in the high minimum regimes. The combination of a high maximum with a low minimum temperature ensured a higher growth and development rate than when the same minimum temperature was combined with a low maximum temperature, within the range of temperatures applied.
The results for the various phenological phases were also similar to those of constant temperatures. At squaring, the regime with the highest minimum and maximum temperatures showed the lowest leaf area and dry weight values, whereas the same characters were greatest at the lowest minimum and maximum temperature regime. Later on, only leaf area at flowering and total dry weight at maturity significantly differed among treatments. The first of these characters was lowest and the second, due to the contribution of boll dry weight, was highest in the same environment (V " ). Numbers of nodes, branches and sympodia were also affected by varying daily temperature, in agreement with Gipson (1974) and Gipson & Ray (1974) , who suggested that night temperature modification affects the ratio of vegetative to fruiting branches.
Thus, temperature variation affected vegetative growth to a greater extent in the earlier than in the later stages of development. A high maximum temperature (especially when combined with a high minimum temperature) produced similar effects to those at a higher mean temperature, whereas effects of low minimum and\or maximum temperatures corresponded to those at a lower mean temperature. The low minimum temperature increased the node number of the first floral or fruiting branch, whereas in the case of boll dry weight it acted like a further decrease in temperature in decreasing the weight, regardless of the maximum temperature. Boll period was affected mainly by the temperature variation itself rather than by the type of variation and this, along with the assumption that the maximum temperature effect overshadows that of minimum temperature, may explain why boll period was shortest under the regime with the widest variation (V % ), a conclusion disagreeing with that reached by Yfoulis & Fasoulas (1978) . There is, however, confirmation of Ng & Loomis ' (1984) report, that days with similar mean temperatures but with different amplitude give rise to varied plant physiological response. Growth estimation by employing models should thus be made on the basis of intervals 1 day.
Significant differences in the behaviour between cultivars were not of much practical importance, except for highly heritable characters such as earliness. Most varietyitemperature interactions were not of interest, except possibly for boll weight. Breeding for earliness, in a marginal cotton cultivation area, should concentrate on selection for adaptation to specific environments to enable genotypes to make better use of lower temperatures during the early or late stages of growth.
A very good linear relation, existing for all stages between 1\t and T, allows thermal time requirements and threshold temperature (T ! ) to be estimated. T ! is surprisingly constant for all growth stages (c. 12 mC), except for the initial stage, for which it is lower and significantly smaller than the value of 11n5 mC suggested by Constable (1976) .
Above T ! , fewer mCd are needed (e.g. 710 to flowering) than previously estimated (900) by McMahon & Low (1972) , at least partly because of the lower T ! value (10 mC) used by those workers, and possibly because of different genotypic material used. The heat unit calculation method may also justify differences in estimated thermal time requirements (Perry et al. 1993) . A cotton growing season cooler by only 1 mC on average will considerably delay maturity and possibly affect yield and fibre properties of the cotton crop.
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